Special Delivery: Dynamic Targeting via Cortical Capture of Microtubules  by Levy, Jennifer R. & Holzbaur, Erika L.F.
As thorough as these studies have
been, there are issues that remain to
be clarified. First, it is not clear whether
loss of Apelin expression produces
a cardiac phenotype similar to that
observed with decreased agtrl1b. Al-
though there are two agtrl1 genes in
zebrafish, there is only one Apelin
gene, so loss of this gene should phe-
nocopy the agtrl1b depletion/mutation
phenotype. A difference in phenotypes
might imply that another agtrl1b ligand
can compensate for loss of Apelin, at
least in heart development. Interest-
ingly, while targeted deletion of the
agtrl1b gene in mice produces marked
cardiac defects, preliminary analyses
of mice lacking Apelin do not show
these defects. Second, one of the ze-
brafish papers characterized the phe-
notype of embryos carrying a germline
mutation in agtrl1b (grinch) and re-
ported that only about half of the
embryos with this mutation exhibited
the defective cardiac phenotype. Sim-
ilarly, only half of mouse embryos
homozygous null for agtrl1b show the
developmental cardiac phenotype.
These data are most consistent with
stochastic compensation by an alter-
native pathway that can functionally
compensate for loss of the Apelin-
agtrl1b pathway. While this is likely an-
other GPCR pathway, its identity re-
mains unknown, the subject for further
study. Third, while studies in frog and
mice have suggested that the Apelin-
agtrlb1 pathway is required for vas-
cular development, neither of these
papers identified such defects. This
may reflect a focus on early develop-
mental events or a fundamental differ-
ence in zebrafish physiology, but it
deserves further study. Finally, it is
unclear why only cardiac development
is severely affected, since the receptor
is found in most mesodermal precur-
sors. Answers to these questions will
likely further highlight the unique as-
pects of this pathway that regulates
development and function of the
cardiovascular system.
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Gap junction formation depends on the proper transport of connexin hemichannels to sites of cell-
cell contact. Recently in Cell, Shaw et al. implicate microtubule tip tracking proteins in the trafficking
of connexin43 to adherens junctions (Shaw et al., 2007). This finding suggests a mechanism for tar-
geted delivery of membrane proteins by microtubule capture at the cortex.The dynamic nature of microtubules
in eukaryotic cells suggests that sto-
chastic cycles of growth and shrinkage
are used to explore cellular space. This
has lead to a search andcapturemodel
in which the randomly directed out-
growth of a microtubule may lead to
an encounter with a binding target. In-
teraction with the target protein may
preferentially stabilize that micro-320 Developmental Cell 12, March 2007 ªtubule, while other microtubules that
are not captured will be more likely to
undergo catastrophe. Such a mecha-
nism would lead to the transient stabi-
lization of microtubules that can serve
as preferential tracks for intracellular
transport.
The cortical capture of microtubules
would provide a direct link between
the cell center and its periphery, and2007 Elsevier Inc.thus serve to increase the efficiency
of intracellular trafficking to the plasma
membrane. Further, if the targeting
is polarized, then the cell will have a
mechanism to direct the delivery of
materials, such as newly synthesized
proteins and lipids, from the Golgi to
specific sites at the cortex.
One possible target for polarized
delivery is the adherens junction.
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epithelial cells has shown thatmicrotu-
bules preferentially project toward
sites of cell-cell contact (Ligon et al.,
2001). Live cell imaging demonstrates
that microtubules are transiently stabi-
lized at these sites, tethered over a
scale of minutes rather than hours.
The number of microtubules associ-
ated with stable adherens junctions
between adjoining cells in a quiescent
monolayer is relatively low, but this
number increases significantly during
junction assembly (L.A. Ligon and
E.L.F.H., unpublished data).
Previous work has shown that the
microtubule motor cytoplasmic dynein
localizes to adherens junctions prefer-
entially, via a direct association with b-
catenin (Ligon et al., 2001). b-catenin
in turn is anchored both to cadherins,
which mediate homophilic cell interac-
tions, and to the actin cytoskeleton via
a-catenin and other actin binding pro-
teins. Dynein, bound to the cortex via
b-catenin, can then capture microtu-
bule plus ends projecting outward
from the microtubule-organizing cen-
ter (MTOC) (Figure 1). The minus end-
directed force of dynein along the
microtubule will induce tension, which
may lead to the transient stabilization
of the filament. This stabilizedmicrotu-
bulemay then serve as a route for pref-
erential delivery of junctional compo-
nents to sites of cell-cell adhesion.
The role of these tethered microtu-
bules in promoting the delivery of cad-
herins and catenins to intercellular
junctions has been explored (Chen
et al., 2003; Yanagisawa et al., 2004).
The role of these transiently stabi-
lized microtubules in the delivery of
gap junction components to the adhe-
rens junction has now been addressed
by Shaw et al. (2007). The gap junction
component connexin43 assembles
at cell borders in a strikingly dynam-
ic manner. Newly synthesized con-
nexin43 is packaged into vesicles at
the Golgi and then trafficked to cortical
sites along microtubules (Lauf et al.,
2002). Shaw et al. (2007) used fluores-
cent recovery after photobleaching
(FRAP) to demonstrate that the con-
nexin43 is specifically targeted to ex-
isting plaques, which are localized at
the cortex at the ends of tethered
microtubules. Either knockdown of b-Figure 1. Microtubule Capture at the Cortex
Microtubule tethering at the adherens junction and at the immunological synapse utilize similar
mechanisms. Microtubule plus ends growing outward from the cell center toward the cell periph-
ery (top, left) may be captured by specific binding proteins at the cortex (top, middle). This cap-
ture may transiently stabilize the microtubule. Release from this interaction would be followed by
microtubule shrinking via catastrophe (top, right). At adherens junctions, projecting microtubule
plus ends are captured and preferentially stablized by the cortically localized microtubule motor
protein cytoplasmic dynein (bottom, left). Dynein is localized to these sites via an interaction with
b-catenin, which in turn is associated with the cadherins that mediate homophilic cell-cell
interactions (Ligon et al., 2001). Microtubule targeting to sites of cell-cell contact is necessary
for proper delivery of the gap junction protein connexin43 to the cell periphery (Shaw et al.,
2007). A similar mechanism involving the targeting of microtubule plus ends to cortically local-
ized dynein may operate at the immune synapse, the structure formed between a cytotoxic T
cell and its target cell (bottom, right). In this system, the interaction of microtubules with dynein
at the cortex facilitates the reorientation of the MTOC and the directed delivery of lytic granules
via microtubule-based transport (Combs et al., 2006; Stinchcombe et al., 2006; Burkhardt et al.,
1993).catenin or disruption of homophilic
adherens junctions was sufficient to
disrupt the targeted delivery of con-
nexins to these sites.
The newwork also examines the role
of tip tracking proteins in this process.
Tip tracking proteins such as EB1
preferentially associate with the dy-
namically growing plus end of the mi-
crotubule. Shaw et al. (2007) imaged
GFP-labeled EB1 in live cell assays,
and found that growing microtubule
ends approached the plaquemore fre-Developmental Cellquently than other regions of the cell
cortex. These EB1-labeled microtu-
bule plus ends remained at the plaque
for dwell times approaching one min-
ute, significantly longer than thepersis-
tence ofmicrotubule ends at regions of
the cortex not associated with adhe-
rens junctions. Further, they found
that the overall efficiency of delivery
of connexin to the plaques was signifi-
cantly decreased in cells depleted of
either EB1 or the dynactin subunit
p150Glued, as well as of b-catenin as12, March 2007 ª2007 Elsevier Inc. 321
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Previewsdescribed above. Given the previously
determined direct associations of EB1
with dynactin (Ligon et al., 2003), dy-
nactin with cytoplasmic dynein, and
dynein with b-catenin, a composite
mechanism can be proposed for these
interactions (Figure 1).
Aspects of this model require further
investigation. For example, EB1 is
generally thought to be associated
specifically with dynamically growing
microtubule plus ends, and not to
associate strongly with paused micro-
tubules, the presumed state of micro-
tubules tethered at the cortex. Also,
this work was examined in a HeLa
cell model system, so the relevance
to the dynamics of gap junction as-
sembly in vivo must be determined. It
will also be of interest to examine if
defects in this dynamic assembly
correlate with dysfunction or disease.
While further studies will be required
to fully explore the mechanisms in-
volved, this new work by Shaw et al.
(2007) provides a clear functional role
for the targeted delivery of cortical
components in a polarized manner.
Remarkably, aspects of this mecha-
nism appear to be conserved in a num-
ber of diverse systems. Recent work
on the immune synapse has shown
that many of the same proteins are in-
volved in linking microtubules to the
cortex to facilitate targeted delivery to
sites of cell contact. The immune syn-
apse is the structure that forms whenA Smell to Die fo
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How dietary restriction extends li
is sufficient to speed Drosophila a
If the yeasty aroma of freshly baked
bread awakens your hunger, whatmight
this sort of smell do to the fly Drosophila
melanogaster? In a recent report by Lib-
322 Developmental Cell 12, March 2007 ªTcells bind to antigen-presenting cells.
TheMTOCof the T cell translocates to-
ward the site of cell-cell contact. This
translocation is mediated by microtu-
bules projecting from the MTOC to-
ward a ring at the synapse formed in
part by the scaffolding protein ADAP.
The polarized microtubule cytoskele-
ton then allows for the directed delivery
of lytic granules to the target cell
(Stinchcombe et al., 2006). Recent
work from Combs et al. (2006) has
shown that both dynein and b-catenin
localize to theADAP ring. LossofADAP
prevents recruitment of dynein to the
synapse, and also prevents the reor-
ientation of the MTOC, suggesting
that the localization of dynein to the
cortex is required to tether microtu-
bules and to reel in the MTOC.
There is also tantalizing evidence
that the same pathways are involved
in other processes, such as cell mi-
gration, cytokinesis, and asymmetric
cell division. The conserved nature of
the core mechanism described here
suggests that the cortical capture of
microtubules by dynein, dynactin, and
the microtubule tip tracking protein
EB1 may serve as a powerful mecha-
nism to direct preferential targeting
within the cell. This mechanism allows
the cell to more efficiently traffic mate-
rials, allowing for the dynamic assem-
bly of gap junctions as described in
the current work (Shaw et al., 2007),
the efficient assembly of adhesionr
logy, Brown University, Providence, RI 0291
fe span may involve anticipatory ne
ging while mutants of an odorant-
ert, Pletcher andcolleagues (Libert et al.,
2007), itwouldseemthat theveryodorof
yeast is sufficient to accelerate aging.
This remarkable finding offers opportu-
2007 Elsevier Inc.junctions (Chen et al., 2003; Yanagi-
sawa et al., 2004), or the polarized
secretion of lytic granules (Combs
et al., 2006; Stinchcombe et al.,
2006). Further examples of this type
are likely to be identified as the
dynamics of the cell are explored in
more detail.
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nities to unravel how dietary restriction
modulates animal senescence and may
help us to better understand our own re-
lationship between nutrition and aging.
